Abstract: This contribution focuses on the Strategic Environmental Assessment (SEA) as an important tool to ensure sustainable development and reach a high level of environmental protection. More specifically, this paper provides an evaluation method based on the integration of Geographic Information System (GIS) and Multi-criteria Analysis-named Integrated Spatial Multi-criteria Decision Support System (ISMDSS)-to support the preparation of environmental assessment reports and the construction of scenarios for the adoption of urban plans, as an innovative tool that integrates objectives and multidimensional (economic, environmental, and social) components, as well as different approaches and models for the construction of a long-term shared vision. In particular, considerations are made by presenting a thought-provoking case study on the SEA of the urban plan of the municipality of Marzano di Nola, located in the province of Avellino in the Campania region. The experiment carried out showed the potentiality of the ISMDSS to evaluate the impacts of different scenarios with the aim of developing a sustainable urban municipal plan. The spatial dimension is useful in understanding the dynamics that characterize each environmental topic in a specific area, by considering not only the components of the natural and developed environment, but also the interactions with social and economic components.
Introduction
In recent decades, the awareness of the multidimensionality and complexity of planning process has led to the introduction of a new evaluation approach to support the decision-making process, with the aim of integrating different components (including socioeconomic, ecologic environmental, and technical dimensions), reducing elements of uncertainty, and promoting the participation of different kinds of stakeholders [1] [2] [3] [4] [5] .
Of note, the Directive 2001/42/EC (SEA Directive) has introduced the Strategic Environmental Assessment (SEA) of plans, with the aim of ensuring a high level of environmental protection and promoting the integration of environmental and social considerations in strategic decision-making processes (article 1 of the directive).
In The methodology will be integrated in the first stage of the analysis with a consultative tool-namely, interviews with the local population-with the aim of understanding the perceptions of the community in terms of criticism and perceived opportunities of their territory in order to identify priorities for future strategic development.
This paper begins by focusing on the use of MSDA in the context of SEA, more specifically describing the role of MSDA as a decision support system during the SEA process, paying specific attention to the Environmental Report (ER). An Integrated Multi-criteria Spatial Decision Support System (ISMDSS) is then proposed, based on the integration of the multi-criteria method (regime analysis), a consultative tool used to direct structured interviews with a local population, with the Geographic Information System (GIS), designed in the ArcGIS environment. The model is developed in accordance with the following stages [17, 18] :
The identification of the decision problem. -
The definition of alternative predictive scenarios. -
The evaluation of the alternative scenario through the regime analysis [19] and the definition of a rank order of the alternative actions plan. -
The definition of a GIS database and a sensitivity analysis.
This ISMDSS is then applied to a case study in the Campania Region, and more specifically to the SEA of the Municipal Urban Plan (MUP) of Marzano di Nola, in the province of Naples. The paper concludes by reporting the main results achieved in the case of the SEA of Marzano di Nola and discussing future research perspectives.
Spatial Multi-Criteria Decision Support System
The Spatial Multi-criteria Decision Support System (SMDSS) was introduced in the literature in the late 1980s [14, 15, [20] [21] [22] [23] . In recent years, there have many examples of the use of the Spatial Decision Support System in combination with multi-criteria analysis, especially in the field of land-use planning, sustainability assessment, and environmental decision-making [16, [24] [25] [26] [27] [28] . The SMDSS refers to the application of multi-criteria analysis in a spatial context where alternatives, criteria, and other elements of the decision problem have a spatial dimension. The SMDSS is thus a procedure for identifying and comparing solutions to a spatial decision problem, based on the combination of multiple factors that can be at least partially represented by maps [27] . A spatial decision alternative consists of at least two elements that include an "action", indicating what to do, and a "location", representing the spatial context and where to implement the action. Evaluation criteria, in a spatial context, are associated with geographical entities and reflect the preference of decision-makers concerning different complex aspects of reality and can be represented by a "criterion map" that represents subjective preferential information. In fact, in all multi-criteria problems, the criteria are associated with a set of weights that reflect the scale of preferences of different groups of stakeholders involved. The output of an SMDSS model consists of one or more maps of the same area, which indicates the extent to which criteria are met or not in different contexts, and thereby supports planning or decision-making [28] .
In the case study under analysis, the integration of a multi-criteria method-named regime analysis-with the GIS system was proposed with the aim of developing alternative strategic scenarios for urban planning transformation and evaluating its environmental and socioeconomic impact.
The fundamental framework of this multi-criteria method is based upon two standard kinds of input data: an evaluation matrix and a set of political weights. The evaluation matrix is composed of elements that measure the effect of each alternative, considered in relation to each relevant criterion. The set of weights provides information about the relative importance of the criteria to be considered. Regime analysis in its qualitative version is an ordinal generalization of pair-wise comparison methods that can examine quantitative as well as qualitative data.
In regime analysis, like in concordance analysis, we compare all alternatives in a pairwise way for all criteria in order to define and calculate the concordance index.
Let us consider, for example, the comparison between alternatives i and j for all criteria. The concordance index will be the sum of the weights related to the criteria for which alternative i is better than j. We will call this sum cij. Then we may calculate the concordance index for the same two alternatives by considering the criteria for which j is better than i, i.e., cji. After having calculated this sum, we subtract the two values to obtain the index wij = cij − cji. When we have only ordinal information about the weights, our interest is in the sign of the index wij.
If the sign is positive, this will indicate that alternative i is more attractive than alternative j; if negative, it will imply the reverse. We will thus be able to make a ranking of our alternatives. This ranking is possible due to the ordinal nature of the information. In the indicator wij, no attention is given to the numerical size of the difference between the alternatives.
We may encounter another complication in this framework, in that we may not manage to determine an unambiguous result, i.e., a unique rank order of alternatives. This is because we may face the problem of ambiguity in the sign of the index wij. In order to solve such a problem, we introduce a certain probability pij for the dominance of criterion i with respect to criterion j.
Here, we assume a specific probability distribution for the set of feasible weights. This assumption is based on the criterion of Laplace in the case of decision-making under uncertainty. In the case of a probability distribution of qualitative information, it is sufficient to mention that-in principle-the use of stochastic analysis, which is consistent with an originally ordinal data set, may help to overcome the methodological problem we encounter by conducting a numerical operation on qualitative data.
The regime method can identify the feasible area into which values of feasible weights must fall in order to be compatible with the condition implied by the probability value. By means of a random generator, numerous values of weights can be calculated. In the end, this allows us to calculate the performance score (or success score) p for each alternative i. We can then determine an unambiguous solution and rank order of alternatives.
In the next Section 3, the case study will be discussed and the main results reported.
Material and Methods

Introduction to the Case Study
The municipality of Marzano di Nola is a city of Etruscan origin. Located in the province of Avellino in the eastern part of the Campania region-in the "area nolana" plains area, crossed by the Regi Lagni network of artificial canals-the municipality, with a population of 1734 inhabitants [29] and covering an area of 4.62 km 2 , has a population density of 377 inhabitants per square kilometer. The Regi Lagni divides the territory into two main areas-a hilly area to the north and a flat part to the south. In the hilly area, wild boars, foxes, and hawks can be found, among other refuge-endangered wildlife. Agricultural areas account for 42% of this region and the majority of local economic activity is concentrated in the agricultural sector, especially very small family farms. The main crops in the area are hazelnuts, chestnuts, walnuts, and olives. The Partenio Regional Park in the north, the Monti Picentini mountain range to the south, and Vesuvius National Park to the southwest border Marzano di Nola. The "Pietra Maula"-a site of community importance (SIC)-is located in the northern part of the urban area, whereas the focal point of the southeast is the Lauro Mountain. Because of their high natural value, these areas are key elements in conserving the scenic natural heritage of the area. Starting from the strategic preliminary document of urban planning, the SEA process in the preliminary analysis has highlighted the territory's potentiality and critical issues in order to build a framework upon which to construct possible future actions. The following section discusses some of the main results obtained.
Framework for Model Development
The framework for the model development is reported in Figure 1 . As the figure shows, the model is structured following the general approach to decision problems [17] and in accordance with Steinitz's geodesign approach [18] . Geodesign is an iterative design method that uses stakeholder input, geospatial modeling, impact simulation, and real-time impacts to facilitate holistic design and smart decision-making [30] .
structuring of a list of criteria and indicators to evaluate the impacts of future development scenarios for the municipal urban plan.
In the second phase of the model, a GIS database is set using the ArcGIS software. The database contains all the information collected in the first phase related to each criterion. All the criteria selected along with the related information are then represented in different "criterion maps" and organized in a standardized impact matrix.
In the third phase, different scenarios of future development of the municipal area are selected on the basis of the previous analysis, and the impacts are evaluated using the regime analysis. In the last phase, a sensitivity analysis of the results is reported and discussed with the main stakeholders involved [31] .
In the next paragraph, each phase of the model will be discussed in detail. The first step of the model involves the phase of decision problem structuring. In this phase, the main critical issues and potentiality of the territory under analysis are underlined by the involvement of the local population and the experts. This phase allows the development of strategic alternative scenarios, the collection of all the information on the state of the environment, and the structuring of a list of criteria and indicators to evaluate the impacts of future development scenarios for the municipal urban plan.
In the next paragraph, each phase of the model will be discussed in detail.
Problem Definition
The analysis of the SEA process was structured in two parallel moments, the results of which have allowed for the construction of the framework of "expert knowledge" (Annex VI letter (f) of Legislative Decree No. 152/06, as subsequently amended) and "common knowledge" from which the territory's potentiality and critical issues were derived. The "expert knowledge" framework was defined on the basis of the environmental technical analysis with the aim of defining a list of indicators, objectives, and criteria. The environmental and spatial data considered in the environmental report took into consideration the following macro themes: agriculture, industry, forestry, tourism, atmosphere, hydrosphere, landscape, waste, noise, and natural and anthropogenic risks.
Each thematic area was divided into environmental "issues" to which some specific indicators have been associated, grouped into "classes" The environmental analysis was then combined with a social analysis [32, 33] aimed at investigating the territory's potentiality and criticisms [34, 35] . In this phase, citizen participation took a leading role, allowing for the analysis of local perception of the area's potentiality and critical issues.
The spatial dimension is useful for understanding the dynamics that characterize each environmental topic in a specific area, by considering not only the components of the natural and developed environment, but also the interactions with social and economic components.
A survey was distributed to 10% of the population-145 residents. The survey sample was random and the survey was submitted by mail. Of these residents, 28 were students, 31 were unemployed, 23 were businessmen/professionals, 34 were office workers, 14 worked in the public administration, and 15 were retirees. Table 2 presents the survey results. Based on the survey, a map was defined based on the critical issues and potentiality of the area. Subsequently, strategies, objectives, and actions for the Municipal Urban Plan (PUC) for Marzano di Nola were defined, with a focus on strengthening and enhancing local production, social structure, and the protection of the landscape and environment (Figures 2 and 3) .
Four objectives, 12 strategies, and 21 actions were identified and organized according to the hierarchical structure shown in Table 3 . The result of this analysis is the knowledge base of the environmental status of the territory covered by the PUC. The result of this analysis is the knowledge base of the environmental status of the territory covered by the PUC.
GIS Database
Through the use of GIS, it was possible to spatialize and measure the indicators in order to assess the impacts of the identified actions.
The criterion maps were generated using the collected data and basic raster GIS operations (maps overlay, buffering, distance mapping, etc.). The Municipality and the Regional Administrations' environmental database supplied the data. The list of maps defined is reported in Table 4 .
For the agriculture in particular, we refer to the percentage of territory measured in hectares from the 3D cartography of the municipality of Marzano di Nola. Then, we analyzed the use of fertilizer and planned protection used for the cultivation of the main crops in the area-such as hazelnuts, chestnuts, and walnuts-in order to make recommendations in the preliminary environmental report on the use of specific sustainable products as indicated by Directive 91/676/CEE and the EU COM (2006) 372.
For forestry, we considered wood production as it represents one of the main economic activities of the territory to be safeguarded.
The criterion related to tourism infrastructures considered the surface measured in square meters of tourist infrastructures localized in the territory at the status quo and the variation in each alternative scenario proposed.
For industry, we measured the distance in the status quo from sensible activities (school, hospital, etc.) to the different factories located in the territory, as one of the main problems of the municipality is the environmental and acoustic pollution produced by the industry located near to residential areas.
All other themes are related to the problem of hydrogeological risk, with some areas classified as high risk. Nowadays, many activities and residential buildings are located in this risk area near the river. Therefore, one of the main objectives of the urban plan was to delocalize these activities to a safer site. 
All other themes are related to the problem of hydrogeological risk, with some areas classified as high risk. Nowadays, many activities and residential buildings are located in this risk area near the river. Therefore, one of the main objectives of the urban plan was to delocalize these activities to a safer site.
The spatial dimensions of the criterion can be 0, 1, 2. In the case of a dimension 0, a criterion is measured without any spatial indication, for example the amount of fertilizer and plan protection product, while in a spatial dimension 1, the criteria are measured along a line, such as distances along a road. Lastly, spatial dimension 2 implies that the criteria are measured at the level of individual cells. In our case, a grid cell size of 25 m × 25 m was adopted for the analysis. Given the different nature and measurement units of the criteria, a normalization rule was introduced with the aim of converting all the values into a 0-1 range.
It is suggested that the analysis of the probability density functions for each of the criteria with a value of 1 use a min-max normalization rule. Two versions of the same formula have been used according to the criteria effects on territorial vulnerability. More specifically, for those criteria following the logic of 'the highest the value, the highest territorial impact', Equation (1) was used:
Instead, for those criteria following the logic of 'the highest the value, the lowest territorial impact', Equation (2) was introduced:
The results are reported in Table 5 .
Multi-Criteria Evaluation
Starting from the hierarchical structure shown in Table 3 , three scenarios of the plan were identified and are reported in Table 6 . The scenarios are then evaluated compared to the system of indicators identified and reported, by way of example, in Table 1 , in order to assess the impacts of various actions of the plan. The spatial table of effects is reported in Table 7 . The first scenario provides a series of interventions aimed at stimulating the economy by favoring local products (e.g., hazelnuts and walnuts) and through the use of incentives for, and promotion of, alternative forms of agriculture (such as organic farming). An important role is played by the sustainable management of urban areas, so that a series of potential actions are provided:
•
The relocation of activities of processing typical agricultural products to a special area is defined as an "industrial area Productive Plan (PIP)". This action-by removing the storage, processing, and passing loads of hazelnuts and walnuts from the city center-would continue to promote the economic development of the territory while aiming to reduce the current levels of urban acoustic and air pollution. This intervention would also reduce heavy vehicle traffic near the urban center.
Restriction of construction in risk areas to avoid illegal building.
Rezoning of green areas for alternative use to support economic growth, and development of social housing areas and local infrastructure.
• Redevelopment of part of the urban areas and expansion of the existing road network.
The second scenario includes a series of interventions aimed at the residential development of the town to meet growing demand in light of the positive demographic trend observed over recent years. The building expansion foreseen in this alternative plan is also the answer to the expectation of further population growth. The redevelopment of urban and suburban street systems is also included in the plan, as well as the renovation of existing architecture and the creation of recreational green areas and facilities.
The third scenario is of a predominantly naturalistic-tourist nature, seeking above all the conservation of the natural qualities of the landscape through the protection of natural resources.
Actions in this case are provided with a view to the conservation of the SICs identified in the hilly part of the area while simultaneously observing the restriction in green areas located in the vicinity of the urban center.
Actions aimed at increasing tourism as well as facilitating tourists' stays are defined as:
• Encouragement of agro tourism accommodations.
Redevelopment of the city center and the outskirts, fostering links between the urban and suburban area to foster internal and external links.
The spatial table of effects (Table 7) was assessed using the GIS database and analyzed by way of a multi-criteria decision support system, using DEFINITE software [36] , which contains a set of multi-criteria methods to transform the effect table-in combination with policy weights-into a ranking of alternatives. The system is able to support all decision processes from problem definition to report generation. The hierarchical regime method [19] , designed to handle both quantitative and qualitative effects, was used to evaluate the three scenarios.
The hierarchical regime method considers the performance of each scenario with respect to each criterion reported in Table 7 , corresponding to the standardization function reported in Table 5 . In accordance with the methodology described in Section 2, we also defined an ordinal weight vector that reflects the priority associated with the criterion. The weight vector was defined by interviewing the technicians working in the municipality urban sectors.
The regime method is based on the pairwise comparison of the alternatives, and the analysis is centered on the sign eij -ei'j, where eij and ei'j represent the performance of each alternative (i) in respect to each criterion (j). For each alternative and for each criterion, a sii'j element is calculated in order to assess a regime vector as the sum to j of all sij elements. The siij is positive (+1) if eij > ei'j; it is negative (-1) if eij < ei'j; and it is equal to 0 if eij = ei'j. The DEFINITE program generates a random number of cardinal weights consistent with the ordinal weights defined a priori to assess the ranking of the alternative. In some cases, a unique solution does not exist, as different cardinal weight vectors-all consistent with the ordinal weight vector-can lead to different rank orders. In this case, a probabilistic analysis was performed in order to assess a Pi index of the success of each alternative [34] . In Figure 4 , the results of the hierarchical regime analysis are shown. Note: MU means unit of measure.
In Figure 6 , the results of the hierarchical regime analysis are shown. As Figure 6 demonstrates, the first scenario-the one that provides a series of interventions aimed at stimulating the economy by favoring local products-is the most preferred, followed by the third scenario-the one of a predominantly naturalistic-tourist nature that seeks above all the conservation of the natural qualities of the landscape through the protection of natural resources. The results obtained were in line with the expectations of the local population and the urban planners that were working on the municipal urban plan.
Sensitivity Analysis
Once the most plausible scenario is identified, we need to test the design and the evaluation of the various scenarios through a series of sensitivity analyses. In general, sensitivity analysis can be conducted at two levels:
 Varying the critical factors of the problem (e.g., policy weights, criterion score).  Verifying whether using different assessments and evaluation methods leads to different results. As Figure 4 demonstrates, the first scenario-the one that provides a series of interventions aimed at stimulating the economy by favoring local products-is the most preferred, followed by the third scenario-the one of a predominantly naturalistic-tourist nature that seeks above all the conservation of the natural qualities of the landscape through the protection of natural resources. The results obtained were in line with the expectations of the local population and the urban planners that were working on the municipal urban plan.
•
Varying the critical factors of the problem (e.g., policy weights, criterion score).
Verifying whether using different assessments and evaluation methods leads to different results.
This allows the pinpointing of the critical elements that characterize the alternative policy scenarios selected. It may also be possible to develop new scenarios that are able to reduce conflicts according to the cyclical logic approach proposed here.
In this paper, we use the DEFINITE program to test the sensitivity of the ranking by considering the influence of uncertainty in scores on the ranking of the alternative scenarios (criterion score uncertainty) and by comparing the solution found with the regime method as well as by applying the well-known weighted summation method (also included in the DEFINITE program).
In fact, the DEFINITE program contains a specific module for sensitivity analysis. The sensitivity of solutions to overall uncertainty in scores is analyzed here by using a Monte Carlo approach. The decision-maker is asked to estimate the maximum percentage of the actual values, which may differ from the values included in the elements of the effect table or the set of weights. This contributes to the participation of the decision-maker in the decision process and to a reduction of conflicts generated by different views on certain scores or priorities. A random generator is used to translate this information into a large number of effect tables set around the original effect table.
To analyze the sensitivity of the ranking to uncertainty in criterion scores, the decision-maker specifies that the score for a criterion may be 20% higher or lower than the score included in the effect table-it is also possible to specify a different percentage for each criterion. Then, a random generator is used to produce random values from a normal distribution. For each set of values, a ranking is calculated. In our case study, the number of drawings considered for the Monte Carlo analysis was 1000. Figure 5 presents the results based on a Monte Carlo simulation, considering an ordinal distribution of the criterion score and a variation of the input score (-30% and +30%). Here, the probability that each alternative is in a certain position is illustrated. As shown in Figure 5 , Scenario 1 (green circle) is always dominant in the ranking, and in the last column of the figure, the most probable ranking is reported. On the basis of this analysis, we can say that the ranking obtained is robust for the uncertainty associated with the criterion scores. This allows the pinpointing of the critical elements that characterize the alternative policy scenarios selected. It may also be possible to develop new scenarios that are able to reduce conflicts according to the cyclical logic approach proposed here.
To analyze the sensitivity of the ranking to uncertainty in criterion scores, the decision-maker specifies that the score for a criterion may be 20% higher or lower than the score included in the effect table-it is also possible to specify a different percentage for each criterion. Then, a random generator is used to produce random values from a normal distribution. For each set of values, a ranking is calculated. In our case study, the number of drawings considered for the Monte Carlo analysis was 1000. Figure 7 presents the results based on a Monte Carlo simulation, considering an ordinal distribution of the criterion score and a variation of the input score (-30% and +30%). Here, the probability that each alternative is in a certain position is illustrated. As shown in Figure 7 , Scenario 1 (green circle) is always dominant in the ranking, and in the last column of the figure, the most probable ranking is reported. On the basis of this analysis, we can say that the ranking obtained is robust for the uncertainty associated with the criterion scores.
On the other hand, we tested the robustness of the ranking using another method-the Weighted Summation Method (WSM). In WSM, an appraisal score is calculated for each alternative by first multiplying each value by its appropriate weight followed by summing the weight score for all criteria. The best alternative is the one that maximizes the scores.
In Figure 6 , the rank order was obtained, and also in this case the solution did not change. These results are useful for the discussion implemented in the participation phase. At this stage of the analysis, the aim is to select the preferable alternative actions, while in the next stage the most suitable location for each action will be analyzed. On the other hand, we tested the robustness of the ranking using another method-the Weighted Summation Method (WSM). In WSM, an appraisal score is calculated for each alternative by first multiplying each value by its appropriate weight followed by summing the weight score for all criteria. The best alternative is the one that maximizes the scores.
In Figure 6 , the rank order was obtained, and also in this case the solution did not change. 
Discussion and Future Research
The paper proposed and integrated Spatial Multi-criteria Decision Support Systems (ISMDSS) applicable to SEA.
The methodology proposed appears to be a useful decision support tool for a complex environment, that is able to control the decision process on different levels (political, social, technical etc.) and to contribute to the communicative process that involves experts, politicians, and the local community in a future scenario planning process, taking into account the spatial dimension. The model is able to provide a rank order of the alternative scenarios from a multidimensional perspective, taking into consideration and controlling the sustainability of the future scenarios proposed in a direct and quantitative way. Clearly, this study is a first exploration. More insight is needed, as follows:

To identify policy impacts from a wide area perspective to ensure that local improvement does not lead to a regional decline in sustainability-in other words, to test the model sensitivity from other complementary aspects. Our first research results are encouraging in confirming the policy's validity, even though perhaps large regional effects may affect the robustness of our scenario rankings.  To experiment with greater participation of the different stakeholders to ensure that relevant political and social interests are included in the evaluation model and to check if the general notion of sustainability as proposed in the literature can be realized at the local level.  To test the sensitivity of solutions by introducing new indicators that may be proposed at the local level or to integrate the environmental impact assessment by one comprehensive environmental index, as suggested by the European Commission [37, 38] .
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